Achieving urban water security is a major challenge for many countries. While several studies have assessed water security at a regional level, many studies have also emphasized the lack of assessment of water security and application of measures to achieve it at the urban level. Recent studies that have focused on measuring urban water security are not holistic, and there is still no agreed-upon understanding of how to operationalize and identify an assessment framework to measure the current state and dynamics of water security. At present, there is also no clearly defined and widely endorsed definition of urban water security. To address this challenge, this study provides a systematic approach to better understand urban water security, with a working definition and an assessment framework to be applied in peri-urban and urban areas. The proposed working definition of urban water security is based on the United Nations (UN) sustainable development goal on water and sanitation and the human rights on water and sanitation. It captures issues of urban-level technical, environmental, and socio-economic indicators that emphasize credibility, legitimacy, and salience. The assessment framework depends on four main dimensions to achieve urban water security: Drinking water and human beings, ecosystem, climate change and water-related hazards, and socio-economic factors (DECS). The framework further enables the analysis of relationships and trade-off between urbanization and water security, as well as between DECS indicators. Applying this framework will help governments, policy-makers, and water stakeholders to target scant resources more effectively and sustainably. The study reveals that achieving urban water security requires a holistic and integrated approach with collaborative stakeholders to provide a meaningful way to improve understanding and managing urban water security.
Introduction
The world is becoming predominantly urban, dominated by human settlements and economic activities. According to the 2018 revision of World Urbanization Prospects [1] , more than half of the global population-4.2 billion people-lives in urban areas, and this number is projected to grow by 68% to 2.5 billion people by 2050. Urbanization, urban water security, and economic growth move in tandem. However, for growth to be sustainable, the urban water security implications of rapid urbanization need to be at the center of the national and municipal development agenda [2] [3] [4] .
•
Composite indicators, such as Asian Development Bank's urban water security index [55, 56] , which forms part of its national water security rankings, using averages of all urban areas, and is thus likely to be used by decision-makers at the urban level. A city-specific water index can be developed and applied [43, [57] [58] [59] [60] by including the city blueprint framework (CBF) to capture issues of urban water security, but it seeks specifically to measure the implementation of integrated water resources management (IWRM) in different cities, and also to benchmark cities on their resilience at the social, economic, and environmental dimensions [60] [61] [62] [63] .
We note that that there is significant overlap, and sometimes even confusion, between the utility benchmarks, which measure operating and financial performance as part of the management and regulatory system; and water security indicators, which are broader in scope and linked to decision-makers rather than managerial targets.
This paper aims to address the knowledge gap by providing a new working definition and assessment framework with different dimensions of urban water security.
Methodology to Develop the Assessment Framework for Urban Water Security
The proposed framework has been developed according to the needs and special characteristics of urban water security, so as to evaluate current and future state of water security in a scientifically sound way, using a standard methodology for constructing indicators based on the definition of urban water security.
The methodology for operationalizing urban water security is based on six systematic steps, as shown in Figure 1 , starting with (1) understanding how water is managed in a water-scarce city;
(2) what we mean by urban water security; (3) then proposing a working definition; (4) putting in place an urban water security framework based on a working definition that includes sustainable development goal on water and sanitation SDG6 and the United Nations (UN) human rights to water and sanitation; (5) interpreting this framework for decision-makers; and (6) measuring the index. Composite indicators, such as Asian Development Bank's urban water security index [55, 56] , which forms part of its national water security rankings, using averages of all urban areas, and is thus likely to be used by decision-makers at the urban level. A city-specific water index can be developed and applied [43, [57] [58] [59] [60] by including the city blueprint framework (CBF) to capture issues of urban water security, but it seeks specifically to measure the implementation of integrated water resources management (IWRM) in different cities, and also to benchmark cities on their resilience at the social, economic, and environmental dimensions [60] [61] [62] [63] .
We note that that there is significant overlap, and sometimes even confusion, between the utility benchmarks, which measure operating and financial performance as part of the management and regulatory system; and water security indicators, which are broader in scope and linked to decisionmakers rather than managerial targets.
The methodology for operationalizing urban water security is based on six systematic steps, as shown in Figure 1 , starting with (1) understanding how water is managed in a water-scarce city; (2) what we mean by urban water security; (3) then proposing a working definition; (4) putting in place an urban water security framework based on a working definition that includes sustainable development goal on water and sanitation SDG6 and the United Nations (UN) human rights to water and sanitation; (5) interpreting this framework for decision-makers; and (6) measuring the index. 
Understanding the Urban Water System
Many cities are at risk of running out of water, with water supply crises rated as one of the top global threats in terms of likelihood and impact, both on the quantity and quality of freshwater resources, as per the Global Risks report 2019 [64] . The typical mode of water supply in urban systems is designed to provide continuous safe, clean drinking water [65] . Today, increased urbanization and climate change are putting a great pressure on water supply, and as a result, 1.2 billion people are receiving water less than 24 h a day under intermittent water supply systems, which are running in downward spiral (simplified in Figure 2 ) [66] [67] [68] .
Intermittent water supply can cause severe urban water insecurity, with water quality degradation and public health problems, increased leakage and accelerated wear and tear, illegal uses, lowered service quality, and ineffective demand management [69] [70] [71] . Many cities are at risk of running out of water, with water supply crises rated as one of the top global threats in terms of likelihood and impact, both on the quantity and quality of freshwater resources, as per the Global Risks report 2019 [64] . The typical mode of water supply in urban systems is designed to provide continuous safe, clean drinking water [65] . Today, increased urbanization and climate change are putting a great pressure on water supply, and as a result, 1.2 billion people are receiving water less than 24 h a day under intermittent water supply systems, which are running in downward spiral (simplified in Figure 2 ) [66] [67] [68] .
Intermittent water supply can cause severe urban water insecurity, with water quality degradation and public health problems, increased leakage and accelerated wear and tear, illegal uses, lowered service quality, and ineffective demand management [69] [70] [71] . Figure 2 . The downward spiral of intermittent water supply IWS/Source [65] . NRW, non-revenue water.
The key to developing an assessment framework for urban water security is gaining a better understanding of the urban water system and the factors that influence its insecurity. So, the first step is necessarily a diagnostic approach to answer the following questions: How is water managed and operated, what are the constraints acting upon the infrastructure, and what strategies can be introduced to the infrastructure to achieve urban water security?
This diagnostic has been elaborated in a recent papers [71, 72] , which outlined conducting a water balance in the case of a water-scarce city (Madaba, Jordan): Measuring inflow and outflow and examining the causes of the high level of water losses in the distribution network, the vulnerabilities of the water system that cause insecurity, water-related risks, and emerging water-related issues, such as intermittent water supply in the context of changing climate and increasing demand.
The study offered recommendations to reduce the physical losses as an important component of water losses that affect urban water security through an infrastructure, repair, economic, awareness, and pressure (IREAP) framework as a way of systematically engaging the non-revenue water (NRW) challenge in Jordan [71] .
Working Definition of Urban Water Security
The second step involves defining the term "urban water security". The working definition sets up the criteria and benchmarks by which the system will be evaluated. It is clear: There is no widely Figure 2 . The downward spiral of intermittent water supply IWS/Source [65] . NRW, non-revenue water.
The second step involves defining the term "urban water security". The working definition sets up the criteria and benchmarks by which the system will be evaluated. It is clear: There is no widely recognized definition of urban water security [31] . In terms of widely-referenced definitions (Table 1) , a recent review has identified 25 definitions of water security, of which only three relate to the urban level [73] . Table 1 . Common global water security definitions.
Definition of Water Security References
Water security, at any level-from the household to the global-means that every person has access to enough safe water, at an affordable cost, to lead a clean, healthy, and productive life, while ensuring that the natural environment is protected and enhanced.
Global Water Partnership [40] Water security is the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems, and production, coupled with an acceptable level of water-related risks to people, environments, and economies.
World Bank Grey and Sadoff [25] Water security is the capacity of a population to safeguard sustainable access to adequate quantities and acceptable quality of water for sustaining livelihoods, human well-being, and socio-economic development, for ensuring protection against water-borne pollution and water-related disasters, and for preserving ecosystems in a climate of peace and political stability.
UN-Water [41]

The Proposed Working Definition of Urban Water Security
To build a definition for urban water security, we have examined the existing definitions and found that the UN-Water definition has the merits of being holistic yet general. In order to be more useful, further analysis and specification is required. As shown in Figure 3 , the UN water security is based of broad framework of different dimensions and cross sectors to achieve sustainable water management. recognized definition of urban water security [31] . In terms of widely-referenced definitions (Table  1) , a recent review has identified 25 definitions of water security, of which only three relate to the urban level [73] . Table 1 . Common global water security definitions.
Definition of Water Security
References Water security, at any level-from the household to the global-means that every person has access to enough safe water, at an affordable cost, to lead a clean, healthy, and productive life, while ensuring that the natural environment is protected and enhanced.
UN-Water [41]
The Proposed Working Definition of Urban Water Security
To build a definition for urban water security, we have examined the existing definitions and found that the UN-Water definition has the merits of being holistic yet general. In order to be more useful, further analysis and specification is required. As shown in Figure 3 , the UN water security is based of broad framework of different dimensions and cross sectors to achieve sustainable water management. This study suggests changes in the UN-Water definition to derive perspectives from the sustainable development goal of clean water and sanitation "SDG6" and the UN human rights of water and sanitation in Resolution 64/292, which specifies different elements embedded in urban water security [74] . We propose an urban water security definition which emphasizes the role of water stakeholders to define the elusive terminologies embedded in the definition, such as adequate and acceptable, as it will not be a one-size-fits-all proposition.
Therefore, urban water security can be defined as the dynamic capacity of the water system and water stakeholders to safeguard sustainable and equitable access to adequate quantities and acceptable quality of water that is continuously, physically, and legally available at an affordable cost for sustaining livelihoods, human well-being, and socio-economic development, for ensuring protection against water-borne pollution and water-related disasters, and for preserving ecosystems in a climate of peace and political stability.
Urban Water Security Assessment Framework
Setup the System Boundary and the Assessment Framework
The study considers the entire urban water cycle in peri-urban and urban areas, including the social, economic, institutional, and environmental dimensions that affect the performance of urban water systems. The urban water system includes main processes in the water cycle: Drinking water production, water treatment plants, drinking water storage and distribution, and wastewater collection, treatment, and discharge.
The system boundary is determined by two factors: The spatial and temporal scales. The spatial scale refers to the physical size of the system. In the context of the present research, the urban area comprises the following features: The entire geographical area of a city, all its inhabitants, and all users of its water resources. The temporal scale is set enough to measure the dynamic status of urban water security.
Based on the working definition of urban water security and the definition of the system boundary, the next step is the core of the assessment: Selection and categorization of a tailored set of indicators at the urban level. The index is based on a weighted aggregate score to assess water security in urban areas. Design of the framework includes: Scoping to identify issues and problems and to set priorities; examining risks and development of criteria; and a review of data availability. At the end of the design stage, the goal is to have developed sets of indicators to measure urban water security.
It is crucial to understand the dynamics of water security and their associated holistic perspectives, which can provide the foundation of the assessment with robust indicators and variables to divide the urban water security into four main dimensions, as shown in Figure 4 . 
Drinking Water and Human Well-being
Availability and diversity of domestic water resources (e.g., desalination, water reuse, rainwater harvesting) should be analyzed, considering accessibility, rationality, and efficiency of water and energy systems, as well as quality, adequacy and equity, and dependency on other sources ( Table 2) .
Water availability is one of the common indicators for measuring water scarcity in terms of the water stress index [75, 76] . Diversity of water resources is key to achieving urban water security, as it mitigates the risk of dependency on one water source by securing alternative sources and mitigations to meet the demand (e.g., desalination, wastewater reuse, water harvesting) [77] .
It is of paramount importance to improve the capacity of the system to safeguard sustainable Urban Water Security 
Availability and diversity of domestic water resources (e.g., desalination, water reuse, rainwater harvesting) should be analyzed, considering accessibility, rationality, and efficiency of water and energy systems, as well as quality, adequacy and equity, and dependency on other sources (Table 2) . Water availability is one of the common indicators for measuring water scarcity in terms of the water stress index [75, 76] . Diversity of water resources is key to achieving urban water security, as it mitigates the risk of dependency on one water source by securing alternative sources and mitigations to meet the demand (e.g., desalination, wastewater reuse, water harvesting) [77] .
It is of paramount importance to improve the capacity of the system to safeguard sustainable and integrated water supply from different sources [10] . In addition, energy plays a great role in securing and driving water to households and operating wastewater treatment plants [78] . Lack of energy supplies forces many cities with intermittent water supply to reduce energy supply time [64, 65] .
The UN human right to water specifies that the water supply must be sufficient and continuous [10] . According to the World Health Organization (WHO), between 50 and 100 L of water per person per day are required to ensure that most basic requirements are met and that few health concerns arise [79] . Water consumption is paramount to achieving water security when water is scarce, which requires consuming it in the most rational and sustainable way to reserve the water available [80] .
The major objectives of the water system and infrastructure involve improving the capacity of water utilities to supply water to consumers [81] . Infrastructure reliability requires ensuring the right quantity at the required pressure and of adequate quality. In an unreliable system, shortages may result from failures of a system's physical components [64, 65] . We consider the indicators of non-revenue water and the energy efficiency of the network to measure the reliability of the system [62, 81] . Non-revenue water (NRW) includes physical losses, commercial losses, and unbilled authorized consumption. Infrastructure leakage puts many cities in a vicious circle, and it can be measured using the infrastructure leakage index (ILI), which is the ratio between current annual real losses (CARL) and the unavoidable background leakage rate (UARL) [71, 79, 82] .
Water quality is a major component of urban water security [83] . Issues of water quality are more acute in intermittent water systems, due principally to infiltration, regrowth within pipes, and the detachment of the bacterial biofilm following variations in pressure and velocity [68, 69, 83] . After water is supplied to the customers, when there is no flow in the network, people must store water in roof top tanks for several days to meet their demand, thereby providing more chances for microbial regrowth and degradation of the water quality [64, 65] . This ultimately results in incidents of opportunistic pathogens and negative effects on public health. In addition, the physical accessibility of safely managed water and sanitation services is key to achieving the human right to water and sanitation [40, 41] .
Ensuring access to water and sanitation for all is a basic human right and is fundamental to achieve the sustainable development goal on safely managed water and sanitation services SDG6 [74] . For the purpose of this research, the indicator of average supply time is used to measure the adequacy and equity in water supply systems. Adequacy in this study means that the actual supply of water is sufficient to meet everybody's needs, and this also includes the timing perspective. Equity implies that all people within a district metered area receive fair distribution of the limited amount of water available during the few hours of supply [64, 65] . Adequacy and equity in water supply are one of the main challenges faced in water-scarce cities with intermittent water distribution systems, in which water wastage is at the highest pressure nodes and scarcity at the lowest pressure nodes [64, 69, 83] . Service intermittency poses a great threat to guaranteeing people's access to limited water supply, and inabilities to meet the water demand equally negatively impact customers' satisfaction, with high coping costs and inequitable water distribution. [65, 68] .
Dependency ratio-the risk of dependence on one source of water-can be measured by the percentage of the total renewable water resources originating outside the city [84] . It is a relevant indicator of the threats to urban water security-to measure the possibility of tensions, failures, and/or conflict over water use and sharing. Thus, a climate of peace and political stability is a mandatory factor for imported/transboundary water sources in order achieve urban water security [41] . Water dependency in cities can be created by insufficient water and risks to public health within the boundaries of city or by dependency on upstream flows outside the city or country [85] .
Ecosystems
The key to achieving urban water security is to have a balance between the exploitation of water resources and sustaining and protecting urban ecosystem services as "natural infrastructure" that is critical to people's well-being and livelihoods (e.g., pollution and contamination, level of water stress, good ambient water quality, exploiting green roofs and green areas, effectiveness of the infrastructure) (Table 3) [9, 16, 30] . State of pollution in terms of untreated wastewater is one of the major risks to ambient water quality, public health, and urban water security if it is not treated and discharged properly [82] . Although wastewater presents a risk of pollution, it can also provide many opportunities if this untapped resource is treated as an additional source of water and is properly harnessed to mitigate water scarcity [76, 77, 86] .
The indicator bodies of water with good ambient water SDG target 6.3.2 aims to improve water quality by reducing pollution, eliminating dumping, and minimizing the release of hazardous chemicals and materials [10, 19] . Surface water and groundwater quality can be compared to ambient water quality standards, for both chemical and biological pollutants [31] . The change in extent of water-related ecosystem is also a relevant indicator to urban water security, which measures the quantity of water contained in various water-related ecosystems [87] .
Green roofing is another often untapped resource for urban agriculture, which can boost water security by maximizing the benefits of water from rainwater harvesting [43, 58] . Green surface is one of the crucial features of a productive green infrastructure for humans' well-being, sustainability, and health ecosystem [88, 89] . As a drainage factor, it can intercept water from the canopy and stem areas and enhance infiltration into the soil and root systems [56] [57] [58] [59] 90] .
Green areas include all types of urban green spaces that can contribute to the livability, sustainability, and resilience of cities, thus achieving urban water security [56] . The storm water network and sewage system are critical to the resilience of the urban water system [43, 90] . If they fail to accommodate the full load and to work properly, it can cause infrastructure failures and serious social and economic losses [43, 61] . Sewer blockage can represent one of the main threats to the effectiveness of the sewage system, as the system should achieve the goal of discharging water efficiently [78] .
Climate Change and Water-Related Hazards
Climate change, which may be exacerbated by water infrastructure, has an impact on water-related risks, including flood risk and health-related risks [8, 57] . As shown in (Table 4) , the dimension of climate change and water-related hazards can be measured by the following indicators; public health, frequency of floods, No. of droughts, flood prone areas, precipitation and temperature. The urban water system contributes to climate change in terms of greenhouse gas emissions from energy consumption, water and wastewater treatment, and discharge [78, 91] .
Public health is one of the core components of urban water security in shaping the city's metabolism. Water-borne diseases represent a huge risk to public health. Many incidents of water-borne diseases is an indicator of urban water insecurity [92] .
Urban flooding may be caused by heavy and/or prolonged rainfall which exceeds the capacity of the drainage system [92, 93] . Flooding and droughts are natural hazards, with great economic and social impacts on cities [94] . The growing threat of urban flooding has been a critical test of cities' resilience in the face of climate change [94] . Flood-prone areas need protection and proactive measures to mitigate the risks [89, 91] .
Climate change and water security challenges are primarily about adaptation and making development climate-resilient. This requires the improvement of our knowledge of climate impacts and effective technologies and their application and building local capacity for improved preparedness and adaptation.
Socio-Economic Development
Particular attention must be paid to the actual and potential role of social and economic factors and their impacts on water demand and supply, which may hamper the system's ability to meet people's basic needs and to achieve urban water security [12] [13] [14] [15] [16] [17] . These factors include energy consumption in the water and wastewater system, water and sanitation tariffs, affordability, budget directed to water and wastewater services, cost recovery, illegal uses, and customers' complaints (Table 5 ) [78, 88] .
Water supply systems are heavily dependent on energy to deliver water at an optimal pressure to reach households. Energy consumption is related to many factors, such as topography of the area; distance from source to tap; and type, capacity, and efficiency of pump stations [78] .
Water tariff should be a good indicator by which to evaluate the economic value of scarce water; thus, targeted tariffs and smart subsidies would contribute to achieving urban water security. In many cities, water is highly subsidized by the government. Thus, the water tariff is too low to cover the operation and maintenance costs and it discourages efficient use of water [62] .
Cost recovery is a robust performance indicator of a well-managed water utility. It is essential to ensure long-term sustainability of water services [62] . Sound water management also requires that users consider both the financial costs of supplying services and the costs that their use of water imposes on others (externalities, as well as "opportunity costs"-which represent the true costs) [62] . Water tariff and the high level of non-revenue water are key components of cost recovery in many water-scarce cities. Illegal uses represent one of the major socio-economic threats to urban water security, which can erode the equality of water distribution and cause huge human and economic losses [79, 81, 82] .
Water service fees to cover financial costs and ensure minimum water security are essential for two reasons. First, they provide the user with information on the cost of providing the service, thereby inducing more considerate use than if the service were free and encouraging conservation. Second, revenues from tariffs provide financing for water resources protection, infrastructure maintenance, and ensuring equitable and reliable service delivery [56] [57] [58] [59] 90] .
Affordability is a key factor especially for vulnerable people who cannot afford to pay for water [49] [50] [51] . This indicator can give an approximate measure of the affordability, but it does not include the high coping costs of intermittent water supply [69] [70] [71] .
The national budget for water and sanitation is crucial to placing water security as a top priority [24, 25] . Thus, maximizing public financing is essential, but it is not enough to bridge the financial gaps. Commercial financing from the private sector is also needed to achieve urban water security [13] [14] [15] .
Customer satisfaction is a key indicator of urban water security, as it means that the utility is capable of operating and managing the water system in a manner that satisfies the water demand. In an intermittent water supply system, complaints about leakage and lack of water are among the main issues that put pressure on water utility governance [78] . In sum, these perspectives signal the direction of change required to improve water security. A more water-secure city can be achieved by improving the four dimensions and their indicators.
Normalization and Interpreretaion of the Results
Normalization is a key step of the decision-making process to covert the results of each component in different units into a common scale and comparable units. Normalization and presentation of the results of the indicators should be aggregated in order to reflect the status and aspirational values of each indicator, since they have different units, so that that indicators are dimensionless in a range from 1 to 5. This process will allow us to better understand the bottlenecks, identify future intervention strategies, and facilitate communication between different water stakeholders.
The establishment of ranges and scores for each indicator of achieving urban water security is aspirational and hangs on the dynamic capacity of the water system and stakeholders to achieve the ambitious UN sustainable development goals on water and sanitation (SDG6).
The below Tables 6-9 present the urban water security index scores on a scale from 1 to 5 for each variable, where 1 represents poor water security and 5 represents excellent water security. The resulting scores on the urban water index can be interpreted and identified to measure the level of urban water security, as in the below Table 10 [92]. Table 10 . Grades of urban water security.
Grading Urban Water Security
Level of Security
<1.5 Poor
Urban water security is poor at meeting the basic needs of the people. Lack of water governance and management is a major concern in all dimensions.
1.5-2.5 Fair
Policies and measures are not enough to achieve urban water security, with major concerns in almost all dimensions.
2.5-3.5 Reasonable
Urban water security is satisfactory to meet the basic needs, with gaps in some dimensions that affect the resilience and sustainability of the system.
3.5-4.5 Good
Sound policies and management exist for achieving urban water security for most of the dimensions, but some improvements are still needed.
>4.5 Excellent
Well-managed and water-secure city that is capable of meeting demands and resilient to future shocks and risks. The index shows high level of security for all dimensions.
Measuring the Urban Water Index
For composite indices, weighting and aggregation are familiar challenges due to their sensitivity and subjectivity. It should be recognized that assigning explicit weightings, by definition, represents only one viewpoint. Thus, water stakeholders should define the weighting system to be appropriate in the local context.
The output of the urban water security index is calculated by aggregating the values of the variables. In the study, equal weights are assigned to all dimensions, indicators, and variables. This implies that all components are equally important. However, if there is a case where one of the indicators is more important than the other, weights in proportion to significance can be used.
The formulas are simplified when the weights are normalized such that they sum up to 1, i.e.,
For such normalized weights, the weighted mean is then:
Note that one can always normalize the weights by making the following transformation on the original weights:
Using the normalized weight yields the same results as when using the original weights:
Conclusions
Framing the challenge of urban water security goes beyond single-issue indicators such as water quantity, water quality, or access to water sanitation. Rather, we must think holistically about the four dimensions of DECS-drinking water and human beings, ecosystem, climate change and water-related hazards, and socio-economic-in order to arrive at concrete solutions that can shift the vicious cycle of water insecurity into a virtuous cycle of sustainable and secure cities.
The dominant threats to urban water security vary geographically and over time. Urban water security is not a stagnant goal; it is a dynamic process affected by changing climate, political structures, economic growth, and resource degradation. The proposed working definition of urban water security encompasses the challenges of urban and peri-urban areas in achieving the goal of secure water for all by underlining the principles of UN human rights and sustainable development goals of safely managed water and sanitation. Urban water security is defined as the dynamic capacity of the water system and water stakeholders to safeguard sustainable and equitable access to adequate quantities of an acceptable quality of water that is continuously physically and legally available to meet water demand at an affordable cost; in order to sustain livelihoods, human well-being, and socio-economic development, to ensure protection against water-borne pollution and water-related disasters, and to preserve ecosystems in a climate of peace and political stability.
This study develops a novel urban water security assessment framework The interconnections and implications of each indicator in the DECS framework prove that we cannot achieve urban water security via water quantity and quality alone, but must also change the way we look at the quantity of water-from relying on a sole source of fresh water, to a diversity of water resources-and preserving the urban water in climate of peace and political stability. Developing the urban water security indexes is a complex undertaking, given weighting and aggregation issues, but it is essential to be able to quantify the impacts. However, there is a need for indexes which define some components as more important, and therefore, more researches are required to define the relative weight of these indexes.
Despite clear evidence of dwindling water resources and increasing water demands in water-scarce cities, many cities continue to count on conventional solutions based on the assumption of plentiful water resources and on silo-oriented solutions to increase the quantity of water resources, neglecting other dimensions and indicators.
Effective management of drinking water in terms of availability, accessibility, water quality, and adequacy of urban water systems is critical in order to sustain inclusive and integrated urban water systems. Diversity of water resources is critical to achieving urban water security and hedging against the risks associated with water resource exhaustion or contamination, such as high-water turbidity in wells during flashfloods and reliance on imported water from outside the city. Reliance on external water supplies poses risks, including competition over water during times of drought and the threat of illegal water uses. Integrated urban water management is essential in order to increase the resilience of urban water systems to external climate extremes. This can be achieved by turning risks into opportunities and diversifying the water resources; for instance, through wastewater reuse, desalination, rainwater harvesting, and replenishing groundwater.
This study can help water stakeholders and policy-makers target scant resources more effectively and sustainably. The developed framework is also generally applicable and can be applied to urban and potentially peri-urban areas in any part of the world. It is suggested to carry out assessment and monitoring programs on a regular basis to measure progress, and also to benchmark urban water security in cities and to develop an environment of competition among cities and utilities to improve the DECS dimensions.
We emphasize that urban water security is a complex and cross-cutting challenge that needs to be addressed holistically in order to achieve SDG 6. It is not only rooted in a single indicator such as the availability of fresh water resources to meet the increasing demands, but also in the dynamics of the DECS framework, including poor water governance, institutional fragmentation, and ineffective water policies. Thus, we acknowledge the following limitations:
•
Stakeholder engagement is key to designing and applying the DECS framework to achieve mutual understanding among water stakeholders of the terms, scores, and weights of each indicator to inform decision making about the state of urban water security and the actions needed for its improvement.
In order to adequately incorporate the dynamics of urban water security, there is a need for water stakeholder participation, data considerations, trade-off analyses among the various components of DECS framework, governance tools, and incorporating climate risks and resilience.
The assessment framework needs to go through sensitivity analysis and validation stages, applying it to real-life case studies representing different scales.
